Temporal chemical shift correlations in reactions studied by hyperpolarized nuclear magnetic resonance.
High-resolution nuclear magnetic resonance spectroscopy (NMR) has the capability of providing often unrivaled detail on molecular structure and dynamics. Through hyperpolarization, a decisive gain in signal strength can be realized, which extends the applicability of NMR to the investigation of rapid processes far from equilibrium. The progress of irreversible chemical and biochemical reactions can be followed by hyperpolarized NMR with relative ease, within an observable window encompassing the subsecond to second time scales. Here, we present a scheme that uses real-time, hyperpolarization enhanced NMR to make temporal correlations accessible in addition to simply monitoring reaction progress. Since nuclear spin states can be preserved even if the spin carrying atoms directly participate in a reaction, it becomes possible to correlate the positions of these atoms between the reactant and the product species, over time. We demonstrate the application of this technique to the Grignard addition of methylmagnesium bromide to 3-methylbenzophenone. The same experiment may be used for the determination of mechanisms and intermediate states in non-equilibrium processes in fields as varied as organic chemistry, enzymology, or protein folding.